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Reactions which involve a marked change in color can be measured 
either  with  a  colorimeter  or  a  spectrophotometer.  Both  methods 
have  their  limitations,  the  former in  the  narrow  range  of  color 
suitable  for observation,  the latter both in the difficulty of handling 
and in the subjectiveness of result. 
The  radiomicrometer, an  instrument used by both physicists and 
astronomers  I  to  measure  intensities  of  radiant  energy,  combines 
sensitivity,  accuracy,  and  objectivity.  It  is  essentially  an  Ag-Bi 
thermocouple  with  blackened  silver  receiving  surface,  connected 
with a  galvanometer.  The incident radiation causes a  deflection in 
the  galvanometer which is,  within wide  limits,  essentially  propor- 
tional to the intensity of this radiation.  Titrations may be recorded 
by this instrument (see Fig.  1)  in the following manner. 
A parallel beam of light, after passing through a hole in an asbestos 
screen  (13)  and  a  cooling vessel  (11)  is  partially  absorbed  by  the 
titration  vessel  (!0).  After passing  this  vessel it  is  admitted  into 
the radiomicrometer chamber  (14)  by the camera shutter  and  dia- 
phragm (9)  and a  converging lens (8).  The lens converges the rays 
on an absorbing blackened silver disk (1) which is protected from the 
outside air by a cover-slip (6),  To the silver disk are soldered a very 
thin  silver  wire  and  bismuth  wire.  Both  wires  are  soldered  to  a 
copper  coil  (2)  of  approximately the  same resistance.  The  coil is 
connected with  a  mirror  (3)  and  the  entire  apparatus  hangs  on  a 
quartz  suspension  (4)  which can  be  changed by  a  knob  (5).  The 
galvanometer magnet (7)  is partially omitted in  the drawing.  The 
t Harrison, G. R., ]. Opt. Soc. America,  1923, vii, 999. 
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entire  apparatus  is  mounted  on  a  concrete  pier.  The  mirror  de- 
flection is read on an illuminated scale by a  telescope which swings 
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on  a  pendulum  (17).  The  pendulum  is  pivoted  perpendicularly 
below  the  mirror  suspension  (16).  As  source  of  light  a  platinum 
ribbon  filament  lamp  was  run  on  a  transformer.  Colored  screens J. FIELD,  2ND, AND  L. G. M'. BAAS-BECILING  447 
of  known  spectral  transmissivity  could  be  interposed  between  the 
lamp  and the radiomicrometer. 
The  instrument  was  constructed  primarily  to  measure  the  rates 
of formation  and  destruction  of biological pigments. 
The reliability of the apparatus  had to be established by prelimi- 
nary  trials.  For  this purpose  the  starch-iodine  and  ferric cMoride- 
ammonium  thiocyanate  reactions were studied. 
Wheat and potato starches were prepared according to the method 
of Alsberg and  Rask, ~ and ground after  the method of Alsberg and 
Perry.  3  Water-clear  solutions  were  made  by  sifting  the  ground 
starch  into  rapidly stirred  distilled water,  and  centrifuging  the sus- 
pension  so formed  for  an  hour  at  a  speed of over 2000  g.P.~t.  In 
most  cases wheat  starch  preparations  are  very clear  at  this  point, 
the supernatant  fluid being decanted off and  used,  but it is usually 
necessary  to  filter  potato  starch  solutions  several  times  through 
kieselguhr to clarify them. 
Solutions prepared  in  this  way did not  show a  very pronounced 
Tyndall effect, even when exposed to strong illumination. 
Definite  quantities  of  starch  solutions  of  known  concentrations 
prepared  in  this  way were  placed  in  a  cell  made  of  optical  glass 
(capacity  45  cc.),  and  standard  iodine  solution  was  added  from  a 
calibrated  sugar  burette.  The  radiomicrometer  deflection  was  as- 
certained in every case  before any iodine  was added, and after each 
addition  of  iodine.  The  variability  of  the  lamp  was  found  to  be 
approximately  2  per  cent. 
After each addition of iodine the solution was stirred,  and allowed 
to stand for 5 minutes before a  reading was made.  The dark junc- 
tion  of  the  radiomicrometer  was  cooled  by  a  fan.  The  cell  was 
placed  as  nearly  as  possible  in  the  same  position  during  a  given 
series of readings,  and was carefully washed with distilled water and 
dried between each run. 
It  is  at  once  apparent  that  there  are  a  number  of  uncontrolled 
variables in addition to the variation of the Pt ribbon lamp, namely 
lack of exact similarity of position of the cell in any two runs, slight 
Rask, O. S., and Alsberg, C. L., Cereal Chem., 1924, i, 7. 
8  Alsberg, C. L., and Perry, E. E., Proc. Soc. Exp. Biol. and Med., 1924-25, xxii, 
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temperature  variations between series of runs,  and  the like.  How- 
ever, the total error is not high, as is shown by the data  (cf.  Fig. 2). 
The starch-iodine reaction was chosen for investigation by the new 
method because it is a  reaction in which the solution changes from 
the  colorless  state  to  one  of pronounced  color.  Furthermore, there 
is a  threshold concentration of iodine necessary to produce  the blue 
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FIC. 2.  Relative transparency of potato starch solutions. 
color at a  given dilution,  4 and it was thought that the precolor stage 
of the  reaction  could be  followed by the radiomicrometer. 
The  ferric  chloride-ammonium thiocyanate reaction,  investigated 
by  Gladstone  5 was  considered,  but  was  discarded  (at  least  for  the 
trial runs), since the reaction is so far from complete with respect to 
formation  of  ferric  thiocyanate  at  equivalent  concentrations  of 
4 Meineke, C., Chem. Ztg., 1894, xviii, 157.  Treadwell, F. P., and Hall, W. T., 
Analytical chemistry, New York, 5th edition, 1921, ii, 653. 
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Fe  +++  and  CNS-.  The  starch-iodine  reaction,  however,  goes  to 
approximate  completion in  a  short time. 
The  accompanying  curves show the  result  of five light  titrations 
with  potato  starch  at  room  temperature  (20°C.  4-  1  °  ).  Eight 
titrations were carried out with wheat starch.  The ordinates repre- 
sent  transparency  in  per  cent  of  the  original;  the  abscissa~  cc.  of 
iodine (0.8455 rag. per cc.). 
Fig.  2  shows the  results  with two series of  35  cc.  samples  potato 
starch (concentration  2.032 mg./cc.).  The curve is slightly S-shaped. 
The  end-point,  at about 38 per cent transparency,  is obtained with 
about  4  cc.  iodine. 
Three series made with 25 cc. samples of potato starch of the same 
concentration  are  shown  on  the  same  figure.  Here a  transparency 
of about 31 per cent of the original was reached with a little less than 
3.0 cc.  of standard  iodine.  Apparently  the amount  of iodine taken 
35 
up by the starch is proportional  to the starch  concentration  (~-  = 
25 
8.75;  2.9  -  8.62).  The  end-point  of  the  curve  is  not  markedly 
changed by dilution.  Transparency as a  function of concentration 
will be considered in another  paper.  If we assume starch-iodide to 
be a chemical compound, these measurements  indicate an iodine con- 
tent  of  approximately  4.5  per  cent.  Similar  curves were  obtained 
with  the  wheat  starch  the  concentration  of which  was 0.3278  rag. 
per cc. 30 cc. samples were used throughout.  The  end-point  is fairly 
definite at 2.8 cc.  iodine, 45 per cent transparency.  A starch-iodine 
compound on this basis contains about 25.32 per cent iodine. 
Discussion of Curves. 
It was noted, particularly in the case of the wheat starch titration, 
that  the  curves  did not  entirely  coincide.  However,  the  points  of 
inflection  and  end-points  are  practically  the  same  in  every  case. 
The variations in position are to be ascribed to changes in position of 
the  cell,  different  temperatures  on  various  days,  making  different 
gradients between cold and hot junctions etc. 
The results seem to justify the conclusion that  the apparatus  is a 
suitable one for titration by means of radiant energy.  Although the 450  LIGHT  TITRATIONS.  I 
few observations do not warrant any conclusion concerning the nature 
of  the  starch-iodine  combination,  it  may  be  of  interest  to  remark 
that  our wheat  starch-iodide  has  the  highest  iodine content on rec- 
ord in the literature.  Our potato  starch-iodine combinations  on  the 
other  hand  contain  a  lower  per  cent  of  iodine  than  any  other 
starch-iodide described,  as  the  following calculations  show. 
Wheat starch.  Found.  25.32  per cent. 
Calculated.  (On x =  2.5)  =  23.87 per cent 
Y 
Potato Starch.  Found.  4.5 per cent 
Calculated.  (On x  _  17)  =  4.41 per cent 
Y 
The results  may be represented by coefficients in  the  tentative for- 
mula  (C6H1005), I v 
Starch used. 
X 
-  =  2.5  (Field and Baas-Becking).  Wheat. 
Y 
=  3  (Dhar, 1924). 
--  3  (Murray, 1925). 
=  3.3  (Rouvier, 1897).  Wheat. 
=  4  (Rouvier, 1897) (Mylius,  1887). 
=  4.5  (yon Euler and Myrb~ich, 1922). 
=  5.3  (Rouvier, 1897). 
---  8  (Rouvier, 1897). 
=  9  (yon Euler and Myrb~ich, 1922). 
-- 12  (Anderson and Goettsch, 1902).  Potato. 
-  17  (Field and Baas-Becking).  Potato. 
The  value of x  is  apparently  at  least  in  part  determined  by  the 
Y 
kind of starch used. 
SUMMARY. 
1.  The  usefulness  of  the  radiomicrometer  in  titration  work  has 
been pointed out.  The authors suggest that light titration may also 
be used where a reaction mixture changes its absorption in the (near) 
infra-red. 
2.  The  applicability of  this  method  to  the  starch-iodine reaction 
has been demonstrated. 